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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

OFFICE OF
PREVENTION, PESTICIDES AND
OPP OFFICIAL RECORD FTOXIC SUBSTANCES
HEALTH EFFECTS DiVI SION
July 9. 2007 SCIENTIFIC DATA REVIEWS
EPA SERIES 361
MEMORANDUM
SUBJECT: Glutaraldehvde: Review of an Odor and Chemesthesis Human

Study.

DP Barcode: D327465,
TXR: 0054625
PC Code: 043901

™
. 2 Z /&
FROM: Elissa Reaves, Ph.D.. Toxicelogist édo@c"“ﬁf“ /? #

Reregistration Branch 2
Health Effects Division (7509P)

THROUGH: - William Havel, Ph.D., Branch Chicfj’
Reregistration Rranch 2 {
Health Eftects Ihvision (75001)

TO: Michelle Centra, Chemical Review Manager
RMB2, Artimicrobtals Division (7510P)

I. Conclusions:

The twn-phase human study provides useful range-finding and threshold information but
does not provide useful information for longer durations and/or repeated exposures.
Since this 1wo-phase odor and chemesthesis study identified odor, eye, and nasal
thresholds which may inform very brief exposures to this chemical, the study is classified
as ACCEPATBLE/NON-GUIDELINE.

Il. Action Requested:

The Artimicrobials Division (AD) of the Office of Pesticide Programs (OPP) requested
that the odor and chemesthesis human study (MRIE 47019801 ) be reviewed and a Data
Evaluation Record (DER) generated in support of the Reregistration Eligibility Decision ~
{RED) tor glutaraldehyde. v
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II1. Study Results:

Phase { results: Odor was 3 orders of magnitude more sensitive than eye and nasal
detection. Nasal detection was more sensitive than eve detection in female subjects.
Femalc subjects, however, failed to laieralize (left or right) feeling of glutaraldehyde in
the nos:.

Phase I1 results: A LOAEL was not established in this phase. The NOAEL for
perception of irritation after 15 minutes is » 100 ppb.

Please refir to the DER for further details.

Page 2 of 2



EPA's Records Disposition Schedule PEST 361 Scientific Data Reviews HED Records Center - File R150261 - Page 3 of 27

Special Study, Human Eye Irritation and Odor Threshold (2006) / Page 1 of 24
GLUTARALDEHYDE / PC Code 043901

EPA Reviewer: Elissa Reaves, Ph.D.

Reregistration Branch 2 (RRB2), HED
EPA Secondary Reviewer: )
Reregistration Branch, Antimicrobial Division

TXRE: (154625

DATA EVALUATION RECORD

STUDY TYPE: Human Odor and Chemesthesis; Non-guideline

PC CODE: 043901 DP BARCODE: 327465

TEST MATERIAL (PURITY): Glutaraldehyde, 26.1%

SYNONYMS: 1|,5-Pentanedial; 1,2-Ditormylpropane; Glutaral dialdehyde; Glutaric
dialdehvde

CITATION: Cain W, R. Schmidt, A. Jalowayski, et al (2006) Odor and Chemesthesis
from Exposure to Glutaraldehyde Vapor. Chemosensory Perception
Laboratory, University of California, San Diego. Laboratory Project Study
ID K-020301-123. December 12, 2006. MRID 47019801, Unpublished.

SPONSOR: Dow Chemical Company and BASF Corporation

EXECUTIVE SUMMARY: In a non-guideline human study, 50 healthy female
volunteers (18 to 35 years of age) were exposed to a range of vapor concentrations and
durations in a controlled laboratory setting for derivation of odor and chemesthesis
thresholds for the eve, nose, and throat (MRID 47019801). The subjects were
representative in regards to gender, age, and ethnicity of the workforce most commonly
exposed to glutaraldehyde (i.e., healthcare workers performing cold sterilization); and
participated in both phases of the study. Power analyses were evaluated post hoc and
reported for Phase I and Phase 11 of the study. Pyschometric functions were analyzed for
slopes and intercepts, with slope indicative of intra-subject variability and intercept
mmdicative of absolute sensitivity, and inter-subject variability. An ANOVA was
performed on confidence scores in Phase {I. An independent AD analysis was performed
to determine the number of subjects initially and consistently identifying glutaraldehyde
{bevomd chance) via odor, eye, or nose in Phase 1.

» Phase [ Vapor Delivery Device
The objective of Phase | was the idenfitication ot glutaraldehyde by odor (both nostrils,
single «nif), eye feel (one eye, approximatety 25 seconds), and nasal feel (one nostril,
approximately 7 seconds) over a range of concentrations.
= Odor Detection: Single sniff exposure from a cone (5 seconds) at (1.039,
0.077,0.150, 0.310, 0.620.1.240. 2.480, or 4,950 ppb
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. Ocular Detection: A single eye exposure from a cone (25 seconds) at 229,
343, 514, or 772 ppb

> Nasal Localization: Single snift exposure for localization of feel i right or
Jeft nostril (5 seconds) at (, 229. 344, 515, or 772 ppb

¢ Phase El: Environmental Chamber

Phase Il examined the potential of glutaraldehyde to induce sensory irritation in the eyes,
nose, or throat of the subject over the course of 15 minutes. Confidence scores of feeling
irritation @y time progressed were caprured for the eves, nose, and throat.

A 15-minute exposure eacit to 0, 35, 50, 73, and 100 ppb glutaraldehyde, 10
ppm heptane (odor control), and blank (air)

e Phase Ii1: Not conducted

A third phase, intended to evaluate physiological changes to irritative exposures of
glutaraldehyde, was not performed due to the lack of an rritation response to
glutaraldehvde observed at any of the test concentrations in Phase H.

Phase I Results

Study Report Results: According to the study report, subjects detected odor on half of

trials above chance by a concentration of (.5 ppb and achieved virtually perfect detection

at or not far above 1 ppb. The point of 50% detection for odor was 0.3 ppb while eve and

nose ocewrred at 390 ppb and 470 ppb, respectively. It should be noted, however, that the

analys:s tor determining these medians was not presented in the study report.
Psvchometric functions were presented to illustrate how detection/localization

fluctuated over time, i.€., from trial to trial. For odor, fluctuation occurred over a 100 to

| rangs of concentrations. For chemesthesis, fluctuation occurred over a 10 to T range.

AD Independent Analysis (see Appendix A for details):

Odoar: An independent analysis by the Antimicrobials Division (AD) indicates
approximately 23% (10 of 43) of subjects positively identified the odor (green apple) of
glutaraldehyde initially at 0.039 ppb and consistently to 4.950 ppb. At (.15 ppb, 23 0f 43
subjects (53%) identitied the odor of glutaraldehyde. At the highest concentration (4.95
ppbl, 96% (41 of 43) of subjects detected odor. However, 2 subjects failed to identify
odor up v +.95 ppb. A simple tally of the 50 pereentile suggests the odor median is
0.15 ppb.

Ocular Detection: Approximately 39% (16 ot 41) of subjects positively
identified eye feel beyond chance initially at 229 ppb and consistently to 772 ppb. One
subject failed to detect eye feel up to 772 ppb. However, 98% (10 of 41) identified
glutaraidehiyde in the eye at 772 ppb. the 30" percentile is 343 ppb based on the simple
tally mathod.

Nasal Localization: For nasai chemesthesis, 77.5% (31 of 40) of subjects
positively identified glutaraldehyde in the nose at the lowest concentration of 229 ppb.
All subjects identified glutaraldehyde i the nose at 772 ppb. The 50" percentile is
therefore 729 pph.
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TABLE 1. Phase 1 resulis for odor, eye, and nasal threshold of glutaraldehyde

Exposure Number of Median AD Independent

Exposure Concentration \ . . . . .
p : Hrat Duration Participants [hreshold in Report Analysis

Odor Detection

0.0039.0.077.0.150,0310, | o Odor modi 23% a1 0.039 ppb (10 of
0.620.1.240. 7 480, and 4,950 | 2200 43 ' gr}meb‘a“ 43); 2 non-detecting;
b ) - PP Medtan 0.15 ppb

Ocular Feel

Ocular median 39% at 229 ppb (16 of
(3,229,343, 513 snd 772 ppb 25 seconds 41 - 41); | non-detecting;

q
390 ppb Median 343 ppb
Nasal Localization
. : . 77.5% at 229 ppb (31 of
o =5 seconds ¢ ! :
0,228,243, 514, und 772 ppb ‘::;;E( 5 10 T\zsﬁi]}mes:cdﬂ 40); 0 non-detecting;
i pp Median 229 ppb
*The 54" percentile of nasal detection is reported as 470 ppb on page 23 and 440 on page 25.

Summary Results Phase I:  Odor was 3 orders of magnitude more sensitive than
eye and nasal detection. Nasal detection was more sensitive than eye detection in
female subjects. Female subjects, however, failed to lateralize (feft or right) feeling
of glutaraidehyvde in the nose.

Summary Results Phase 11: In gencral, female subjects fatled to positively detect
glutaratdehvde either in the eyes. nose, or throat over the concentrations and duration (15
minutes) investigated. For the eye, 80% of subjects (43 of 50) failed to detect. while 66%
(33 of 50y and 84% (42 of 50) failed to detect in the nose and throat, respectively. One
subject did detect initially at the lowest concentration and consistently to the highest
concensration for the eve, nose, and throat. As a group, however, there was no
concemiration-response relationship for the eves, nose, or throat. Examination of the
coniidence scores suggests that the nose mav be more sensitive than the eyes which may
be more sensitive than the throat, which is consistent with findings in Phase 1. A
conceniration that 50% of the subjects could detect (eye. nose, or throat) was not
identiticd. A LOAEL was not established in this phase. The NOAEL for perception
of irritation after 15 minutes is > 160 ppb.

This study provides useful range-finding and threshold information but does not provide
usetul information for longer durations and/or repeated exposures. Since this two-phase
odor and vhemesthesis study identified odor. eye, and nasal thresholds which may inform
very briel exposures to this chemical, the study is classitied as ACCEPTABLE/NON-
GUIDKELINE.

COMPLIANCE: Signed and dated GLP, Internai and External Quality Assurance, and
No Dzt Uonfidentiality statements were provided.




EPA's Records Disposition Schedule PEST 361 Scientific Data Reviews HED Records Center - File R150261 - Page 6 of 27

Special Study, Human Eye Irritation and Odor Threshold (2006} / Page 4 of 24
GLUTARALDEHYDE / PC Code 043904

f.

Al

s
i

3.

MATERIALS AND METHODS:

MATERIALS:

Test material:
Description:
Molecular Weight:
L ot#:

Puriiy:

Compound stability:

AN # for TGAL
NEructore:

Gilutaraldehyde (26.1%)
Liquid, green apple odor
100.17

001197

26,1% a.i. in water

Not reported

111-30-4

Source: Chemfinder.com

Vehicle and/or Positive Control: Air as blank, heptane (10 ppm) as odor control.

Study Rationale For Concentration And Puration:

The study report cited reports by Curran et al. (1996); Di Stefano et al., (1999). Gannon
et al., 1995, and Quirce ct al., (1999) that stated incidences of asthina-like responses were
observed it some workers from exposure to glutaraldehvde in occupational settings.
These reviews were not the references tha: were relied upon for basing concentration and
duration tor the human sensory study. Instead. they were used as a flag to the study
authors to take precautions for severe adverse reactions to glutaraldehyde vapor.
Furthermaore, the study report cites Ballantvne (1995) as providing toxicity information
by difterent routes of exposure and durations ranging from acute to chronic. The known
effects in humans from overexposure to glutaraldehyde were listed as irritancy to the eye,
skin, and respiratory tract. However, the available data on glutaraldehyde and human
exposure was considered deficient in determining a concentration or duration of

exposure: therefore, this study was to estabhish odor and feel thresholds for

glutarzldehvde.

The study report highlighted that the chosen duration focused on very brief exposures
(Phasc 1) and more extended exposurcs (Phase I1). The extended Phase [1 scenarios

focused on concentrations deternuned from Phase [ results.

4.

Subjects:
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Healthy Human Volunteers:

Total of Individuals: 50 total females (majority of subjects likely recruited from college
campuses via fliers, pg 226)

Age: 14 te 35 years

Study Dates: Study dates not provided in report. in the appendices, however, calibration
curve lables for Phase [ indicate dates from August 13, 2001 to February 18, 2002; and
Phase It dates from January 15, 2003 to April 23, 2003.

Each subject was given a Subject Identtfication Number (S1D) based on date ¢f birth,
sequeriiial participation, etc.

Subject’s Bill of Rights and informed Consent:
Subjects received and signed an Experimental Subject’s Bill of Rights and Informed
Consent Form. (pg 227-233)

Screening of Subjects:

All study subjects were recruited from the general population by fliers and were initially
phone screened for smoking {(tobacco or marijuana in the past year), excessive alcohol
conswnption (>3 drinks day/year), drug use {(excluding birth control), chronic or recent
acute 1flness, respiratory allergies, exposure to glutaraldehyde occupationally, and
asthma. Individuals that passed the initial phone screen were clinically evaluated for
signs of iliness or abnormalitics to upper respiratory tract. Signed consent forms,
protocols. and Human Review Board approval were provided. During the screening
process. the only questioa that subjects could answer “yes” to and still remain in
consideration for inclusion concerned allergies. Some dormant upper respiratory allergies
did noi disqualify the subject per s¢ from further consideration. If the person agreed to
participate. she signed the informed consent form and took a brief odor 1dentification test
to assess pormality of smell.

A screening packet with forms used to assess the titness of each participant in the study
was generated (subject screening packet is provided in Appendix H pp. 384-395 of
report;. Packets contained subject contact information, symptom evaluation forms, a
pregnancy test, and other forns for documentation of screening parameters.

A medical history concerning the upper respiratory and ocular systems, followed by a
chinical examination of the nose, oral cavity. throat, eyes, and sense of smell, was
obtained {rom each individual. Additionally. each individual underwent a nasal resistance
measurement, airway function lesting by spirometry, a cytological examination of the
apper urbinate, and a pregnancy test. After passing the tests for customary clinical
criteris and pregnancy, the resulting 50 nensmoking females, ranging in age from 18-35
vears, were used for both phases. Young women were chosen as the most sensitive part
of the normal adult population, since women and younger adults exhibit greater
chemesthelic sensitivity as compared to men and older adults, respectively (Garcia
Medina and Cain, 1982, Dunn er al., 1982, Stevens ct al,, 1982). Furthermore.
glutaraidenvde is widely used in the healthcare industry as a cold sterilant of medical and
surgica: cquipment and the demographics ot healthcare workforce indicate that healthcare
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workers are mainly women. In addition, the participants were an ethnically diverse group
of subjects (10% African-American, 20% Asian-American or Pacific Islander, 46%
Caucasian Non-Hispanic, and 24% Caucasian Hispanic) in order to assess associations of
sensitivity to glutaraldehyde with ethnicity. The same subjects participated in Phase | and
Phase t{.

3. T'est Apparatus:

An &-siation vapor delivery devise (VDD was used for Phase 1 of the study.
Concentrations for subject exposure were generated by metering either liquid
glutaraidehyde or a heptane solution into a heated chamber (150°C), where it was
vaporized and swept by a stream of mitrogen into either a Vapor Delivery Devise (VDD)
in Phase b, or an environmental chamber in Phase 11

Figures | and 2 (see below) from the final report (pp. 18 and 204) depict a schematic of
the VI3D and the environment chamber, respectivelv. The vapor-phase concentrations are
presenied in Table 2 below.

TABLE 2. Concentration of glutaraldehyde in VDD *
Nominal Actual Yo Phase Section
{pph) {mean ppb+5D; CV %)
24N 1.8+0.3 (15.2) 74.0) ) Phase 1 Odor Detection
4.5 3.7+0.3 (7.8) 75.2 Phase 1 Odor Detection
4 .95 3.5+0.3 (8.0) 67.6 Phase 1 Odor Detection
495 4.9£1.0 (19.3) 98.1 Phase 1 Qdor Detection
4655 4.6+0.3 (6.8) 92.2 Phase 1 Odor Detection
4.95 4.7+0.1 (3.0 95.2 Phase 1 Odor Detection
4,095 5.5+0.2 (4.0) 111.6 Phase ] Odor Detection
4953 5308 (15.4) 106.7 Phase | Odor Delection
4.5 4.540.2 (5.09) 91.8 Phase | Odor Detection
495 4.3+0.0 (0.6) 86.8 Phase 1 Odor Detection
495 4.8+0.8 (10.2) 96.4 Phase 1 Odor Detection
493 4.3+0.0 (C.9) 87.8 Phase 1 Odor Detection
4495 5.0+0.3 (7.0) 100.4 Phase 1 Odor Detection
495 4.5£1.4 (32.2) 90.2 Phase 1 Odor Detection
G0 0.340.2 (2.5) 04.2 Phase 1 Odor Detection
T 59.6+2 3 (3.8} 8§2.8 Phase I Ocular Detection
J 018 96.7+6.1 (6.3} 89.6 Phase | Ocular Detection
148 102.145.7 (5.5} 94.6 ] Phase 1 Nasal Localization
213 2259+222 (9.8) 93.0 Phase | Ocular Pletection
40 261.3433.5 (12.8) 107.5 Phase 1 QOcular Detection
23 234.4x15.0 (6.4) 96.4 Phase 1 Qcular Detection
243 265.4+3.9 (1.5) 109.2 Phase 1 Ocular Dietection
S43 247.2443.2 (17.3) 1017 Phase 1 Ocular Detection
43 234 9+48.1(20.5) 96.7 Phase | Nasa] Localization
o 244.8340.6 (156.6) 100.7 Phase 1 Nasal Eocalization
o4 231.53x41.0(17.7) 95.2 Phase I Nasal Localization
PR 231.1428.4(12.3} 95.1 Phase | Ocular Detection
243 245.§+58.8 (23.9) 101.1 Phase ] Nasal Localization
4% 256.5+50.7 (19.8} 103.5 Phase I Nasal Localization
43 243.8x31.7 (13.0) 100.3 Phase | {Ocular Detection
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TABLE 2. Concentration of glutaraldehyde in vbb *
Nominal Actual %o Phase Section

(pph) {mean ppb+SD; CV%;) :
243 266.2+61.1 (22.9) 109.5 Phase [ Nasal Localization
243 246.8+71.5 (29.0) 107.6 Phase | Nasal Localization
243 262.3£23.3 (R.9) 108.0 Phase [ Ocular Detection
243 235.2+32.0(13.6) 96.8 Phase I Nasal Localization
243 247.0+21.4 (8.7) 101.7 Phase 1 Nasal Localization
243 266.7+34.5(12.9} 109.8 Phase 1 Ocular Detection
241 266.7£65.1 (24.4) 109 .8 Phase 1 Nasal Localization
243 259.5249.5 (19, 1) 106.8 Phase | Ocular Detection
243 2422402 (0. 1> 99.7 Phase 1 Nasal Localization
243 272.8+43.3(13.9) 112.2 Phase I Nasal Localization
242 240.8£17.8 (7.4) 9.1 Phase 1 Ocuiar Detection
243 252.4+53.8 (21.3} 103.9 Phase | Ocular Detection
243 232.6£46.3 (19.9} 95.7 Phase I Nasal Localization
242 251.6£17.4 (6.9) 103.5 Phase 1 Ocular Detection
547 498 6+30.8 (6.2) 01.2 Phase 1 QOcular Detection
821 724.0+41.8 (5.8) 88.2 Phase 1 Ocular Detection

R 798.5+51.9 (6.5} 97.3 Phase 1 Nasal Localization
821 690.1+93.1 (13,5} 84.1 Phase 1 Ocular Dretection
b 754.3+132.3 (17.5) 91.9 Phase I Ocular Dretection
821 694.2+£51.0 (7.3) 84.0 - Phase T Ocular Detection
& 773.7+33.8 (4.4) 942 Phase 1 Ocular Detection
&2 728.4+£85 2 (11.7) R8.7 : Phase 1 Ocular Dietection
&1 687.8:118.0 (17.2) 83.8 j Phase 1 Nasal Localization
&7 729.3+£108.2 (14.%) %8.8 - Phase ] Nasal Localization
&1 670.4£139.0 (207 81.7 . Phase | Nasal Localization
21 714.4£164.5 (23.0} 87.0 ' Phase | Ocular Dietection
&2 721.9+74.6 (10.3) 87.9 Phase 1 Nasal Localization
L 761.9£192.9 (25.3) 92.8 Phase I Nasal Iocalization
g1 707.0£121.4(17.2) 86.1 Phase 1 Ocular Detection
&1 R14.3:247.6 (30.4) 59,2 Phase 1 Nasal Localization
&21 672.7£253.9(377) 819 Phase 1 Nasal Localization
811 764.3£104.7 (13.7) 931 Phase ] Ocular Detection
&1 77134045 (13.3) 86.6 Phase | Nasal Localization
&1 730581045 (14.1) 90.1 Phase 1 Nasal Localization
&1 688.4:217.2(51.9) 83.9 Phase [ Ocular Detection
&1 727.4£33.8 (4.0) 88.6 Phase | Nasal Localization
&:1 750.2+2372(31.2) 02.5 Phase | Ocular Detection
&1 569.0£74.2 (13.0) 69.3 Phase 1 Nasal Localization
k21 700.7+60.1 (8.6) 85.4 ' Phase | Nasal Localizaticn
£21 663.6+115.7(17.4) 80.8 Phase 1 Ocular Detection
&1 636.9+165.4 (26.0) 77.6 ' Phase 1 Ceular Detection
G 740.7+41.2 (5.6) 90.2 Phase | Nasal Localization
£ 707.84593 (R .4) 86.2 Phase | Ocular Detection

* Data derived from pp. 47-6% Table 4 of the study repon,

A great deal of variance was observed in the actual concentrations as compared to the
nominal concentrations, with 74% (CV <15 29) for 2.48 ppb; 92% (average ('V=9.8%)
for 4 ¢4 pnh: 94% (CV=2.5%) for 9.4 ppk: #3% (CV=3.8%) for 72 ppb; 92% {average
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CV=5 9% for 108 ppb; 102% (average C'V=14.7%) for 243 ppb; and 87% (average
CV=16.1%) for 821 ppb. Dose groups 9.9. 72, 108, 243, and 821 were not in the study
protoc]. A few nominal concentrations did not c,urrespond to a dose in the protocol as
well a- 1 ot the 7 actual doses >10% ot the nominal dose.

St Stap 4
P2 p

Zapacitance : ﬂ

Vexsel '
,4

Flow Control HaploT i——
[ q‘ «|— Tl __ Syringe Pump

FIGURE 1. Schematic of the VDD ipp. 18 of the study reporf)

The set up that generated vapor with the cones (VDD) in Phase [ also served in Phase 11
with the environmental chambers. The details of Phase 11 concentrations were presented
in the study report Table 8 (pp. 119-145) with study report Tabie 9 serving as the
summary data for concentration analysis. The environmental chambers over the days of
exposure were consistent with the nominal concentrations as summarized in Table 3
below

TABLE 3. Concentration of glutaraldehyde in exposure chambers ?
Nominal {pph) Actual (mean ppb=SD) CV% Yo
A5 35.784+5 30 15.07 102
34 52.94+6.82 12.88 106
B s 78.9740 34 1182 105
110 103.4547.93 7.67 103

*Data derved from study report table 9. p. (17
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Environmental Chamber

6.17m?
12 Ajr Exchanges par Hopr

0.04 ppm G&

Nitrogen .

LA L

FIGURE 2. Schematic of the exposure chamber (pp. 204 of the study report)
The posiiyve control heptane was used 1n Phase [L Air was used as a blank.

1. TEST PHASES AND RESULTS:

A. PHASE 1 DESIGN (TABLE 4)

‘The first phase addressed the issue ot detection to brief (momentary) exposures and
consisted of three parameters: odor detection, ocular detection, and nasal Jateralization
which were each performed separately. ldeally, a subject remained for a full day of
testing, which consisted of up to 30 rounds (8 concentrations x 30 rounds = 240
Judgments), A typical schedule for subjects enrollied for a full day of testing was 0930
untit 17060 During a full day of testing, the subject completed one of the following: up to
30 rounds of odor detection, ocular detection, or nasal localization. The subjects were to
identif the scent of glutaraldehvde (both nostrils, single snift) between 3 cones, 2 blank
and 1 sctive, via a vapor delivery system that produced analytical data of the exposure
concentration of glutaraldehyde. The glutaraldehyde concentration tncreased with each
round. kach detection session was 30 seconds in total, with three 5- second sampling
periods at each cone. Following exposure, the subject would leave the 2 cones and mark
their response to the sniff test on a bubble sheet during a 15 second break till the next
round of sampling. Ocular detection involved a 100-second cycle and was evaluated in a
similar method as nasal detection with 3 cones of exposure, 1 active and 2 blank cones.
During each round, one eye was exposed at each cone for 25 seconds and was followed
by the subicet’s confidence rating. Nose clips were worn in order to prevent nasal
stimutation. Only one eye was placed to the face of a cone with the exposed eye being
switched from one station to the next. Nasal localization required the subjects to
determine 11 the sensation was on the left or right nostril after a 5 second sampling period
with 45 sceonds between each sampling. ‘lesting of odor or feel (eve or nasal) required
the subject 1o decide which of the three cones had the strongest odor or feel among two
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blanks tair) and one active cone at each station (8 stations total). After the subject
sampled cach cone, the subject wrote the choice in the appropriate cell on a data sheet
carried on a clipboard. The subject was asked do vou feel “ves” or “no”. The scale of
confidence ranged from 1= no confidence to 5 = very high confidence, with a midpoint of
3 = moderate confidence. Severity of feel was not rated in Phase I. The subject
compieted these fjudgments before the next trial began. A full round of testing for a
subjecr inciuded eight trials in the ascending order of concentration.

TABLE 4. Test methods and parameters examined in Phase 1
Exposure
Female | Exposure p . # concen- # !
Parameter . Concentration # cones . Notes
N duration trations rounds
(pph)
1 to 5 scale; no
. 0,039, 0077, positive control;
(')c%(n‘ 43 5 sec (.15, 0.310, 3 (:o)ﬁes; g 10 rar_ldomiZEd .a:ctive
detection (L6200 1.240. I active GCOneE position;
248G or 4.950 gogele reduca eye
contact
I to 5 scale: no
positive control;
Ocudar 229,383, 304, or | 3 comes; g randomized active
i 41 25 see o . 4 30 .
detection 2 1 active core position: nose
clips to reduce
nasal confact
Each nostril sniffs
. - . iffe cone and
Nasal , 229, 33,514, or | 2 cones; . (h erent cone an
S 4H) =5 gec - . 1 30 determine which
lateralization 72 1 active , )
cone contains
glutaraldehyde

PHASE [ RESULTS:

. Study Report Analysis. odor:
The mudian concentration as indicated in the study report for the odor of glutaraldehyde
(at a poant of 50% detection) was 0.3 ppb. Psychometric functions from 4 subjects werc
presented fur odor and ocular and nasal localization in Figure 4 of the report. An analysis
of the median was not presented in the report,

Additional AD Analysis, odor.
An independent Antimicrobials Division (AD) analysis indicates 96% (41 ot 43) of
subjects were capable of detecting odor over the range of concentrations examined. Ten
subjects (23%) initiatly detected at 0.039 ppb and consistently to the highest
concentration of 4.94 pph. Two subjects (4.0%) failed to detect odor at any
concentration. Using a simple tally method, the 50™ percentile of the distribution of ‘true
detectors’ is the 21.5™ observation of the 43 persons detccting the chemical, or (.15 ppb.
The tally «1 the subjects’ initially and consistently detecting odor is presented in Table 5.

&
A
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iable 5. Tally of subjects initially and consistently detecting odor of

The median at which subjects detected glutaraldehyde in the eye 50% of the time was

glutaraldehyde
TABLE 5: Glutaraldehyde odor detection (Phase 1)
Dose Level Initially & Consistently Total _ Perceﬁl Running
{(pph) Detecting Subjects Subjects Detect Total _%
; Detecting
0.039 10 43 23 23
0.077 7 43 16 39
0.15 hH 43 14 23
(.31 2 43 5 SE
0.62 9 43 21 79
i 1.24 2 43 5 84
% 2.48 5 43 7 91
L 495 43 5 96
Non-detecting 43 5 100
, Total 43 43 100 -

i Study Report Analysis, Eve:

390 pyo This analysis of the median was not presented in the report.

Additional AD Analysis, Eve:

An Al analysis indicates approximately 39% (16 of 41) of subjects positively identified
cye feel beyond chance initially at 229 ppb and consistently to 772 ppb. One subject
failed 1 detect eye feel up to 772 ppk. However, 98% (10 of 41) identified
glutaraldehyde in the eye at 772 ppb. The 50" percentile is 343 ppb based on the simple

tally nicthod. The tally of the subjects’ initially and consistently detecting eye
chemesthesis is presented in Table 6.

Tabie 6. Tally of subjects imitially and consistently detecting ocular fecl of

glutaraldehyde
TABLE 6: Glutaraldehyde eye detection (Phase I)
I Dnse Level Initially & Consistently Total Percent | Running
(pph) Detecting Subjects Participants Detect Total %o
Detecting
229 16 41 36 39
343 13 41 32 71
| 514 5 41 12 83
' 772 O 41 15 98

(. A
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~on-detecting

i

41

b2

100

Total

41

100

3. Study Report Analvysis, Nasal:

The median at which subjects detected glutaraldehyde 11 the nose 50% of the time was
470 pph. This analysis of the median was not presented in the report.

Additional AD Analysis. Nasal:

An Al analysis indicates 77.5% (31 of 44)) of subjects positively identified
glutaraldehyde in the nose at the lowest concentration of 229 ppb. All subjects identified
glutaraldehyde in the nose at 772 ppb. The 50" percentile is therefore 229 ppb. It should
be noted that although all subjects could detect the feel of glutaraldehyde in the nose at
some ¢oncentration in the study. the subjects failed to identify which nostril was being
exposcid. The tally of the subtects’ inttially and consistently detecting nose chemesthesis

is presented 1n Table 7.

Table 7. Tally of subjecis initially and consistently detecting nasal feel of

olutaraldehyde

TABLE 7: Glutaraldehvde nasal detection {Phase I)

Total

Dose Level (nitially & Consistently Total Percent | Running
(ppb) Detecting Subjects Participants Detect Total %
Detecting
229 31 40 775 774
343 3 40 7.3 &5
514 4 40 0 95
772 2 4 5 100
Non-detecting 0 40 0 -
40 40 100 -

For Phase [, odor was 3 orders of magnitude more sensitive than eye and nasal
detection. Although odor was most sensitive to female subjects, nasal chemesthesis
appeaicd to be more sensitive than eye chemesthesis. Subjects failed to lateralize
(left or right) feeling of glutaraldehyde in the nose.
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TABLE 8. Sunmary of Phase 1 results for odor, eye, and nasal threshold of glutaraldehyde

Exposure Number of Median AD Independent

Exposure Concentrati , . - . .
P cemtrabion Duration Participants Threshold in Report Analysis

Odor Detection

0.0.039, 0.977. 11150, 0.310, =5 seconds Odor median
0.620. 1.240. 2,450, and 4.950 ) Seet 42 T med
s f (.3 ppb

23% at 0.039 ppb (10 of
43); 2 non-detecting;
Median 0.15 ppb

pph

Ocular Feel

~ - 39%, al 22 16 o
{reniar median Yo at 229 ppb (16 of

0,220,343 %14 and 772 ppb 25 seconids 41 41}; 1 non-detecting;
390 ppb Median 343 ppb
Nasal Localization
) ) 77.5% a1 229 ppb (31 of
. . =5 seconds . Nasal median ‘
220, 343 414 and 772 von 0 - _detecting:
0, .3 nd 772 ppb “emiff’ 4 470 ppb* 40); 0 non-detecting;

Median 229 ppb

B. PHASE 11 DESIGN (TABLE 9):

The goal uf the second phase was to establish the eftect of time on sensitivity. The
second phase consisted of 15 minute exposures in a walk-in chamber. The daily exposure
regime consisted of two exposures to air, two exposures to 10 ppm heptane used as an
odor control, and one exposure each 10 1), 33, 50, 75, and 100 ppb glutaraldehyde vapor.
The f1rst exposure in a day consisted of a known blank (air), in order to serve as an
acclimation to the task in the chamber {practice run). The subjects made ratings as they

In this studv, one subgroup of 25 subrects was exposed 1o glutaraldehyde in an ascending
order, intermixed with blanks and odor controls, while the other subgroup of 25 subjects
was exposed to glutaraldehyde in a descending order (Table 9). The study report did not
indicate if the subjects were aware of the schedule for a day of testing. Subjects were
allowed 45 to 75 minutes between exposuores o glutaraldehyde. This phase examined the
subject’s response to the feel of glutaraldehyde in the eves, nose, and throat over time.

TABLE Y. Period and concentration for Phase 2
Parameter Females (N) Parameter Females (N) | Exposure Duaration
(minutes)

blank blinded (air)® 25 blank blinded 25 15

10 ppin n-heptane 25 10 ppm n-heptane 25 i5

35 ppb glutaraldehyde 25 100 ppb glutaraldehyde 25 15

30 ppb ghutaraldehyde 23 75 ppb glutaraldehyde 25 15

75 ppb plutaraldehyde 25 50 ppb glutaraldehyde 25 15

10 ppm n-heplane 25 10 ppm n-heptane 25 15
100 pph 25 25 ppb glutaraldehyde 25 15
glutaraidehyde

*A second hiank blinded {air) sample was reportedly administered 10 the test subjects; however., the fiming
of this mumple was not described in the study report or any aceompanying tables.
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Betore the subjects entered the chamber, the investigator explained that the task inside
the chamber would entail judgments ot confidence that certain sensory events were
occurring at sixteen closely-spaced periods of time during 15 minute exposures. The
respoense was then “yes” for a positive feel or “no™ for no feel. Additionally, the subject
needed to attach a level of confidence 1o each event (nose, eye, and throat). The score
rating was | = not certain, 2 = moderalely certain, and 3 = very certain. For example, if a
subject detected nothing at all 1n the nose. the rating was “no” and “3" for no detection
and very certain. Additionally, it should be noted that odor was not a parametcr evaluated
in this phase of the study.

Study Analysis for Phase 2:
The confidence scores of 1 to 3 were entered as -1 to -3 for “no” judgments and as +1 to
+3 for ves” judgments. This franstormed info & scale 0f' 1 to 6. with 1 to 3 describing the
-1 to -3 seores, and 4 to 6 describing the 41 to +3 scores, for a total of 6 points. The
midpeint of 3.5 indicated the demarcation between “no™ and “yes™. The scale of 1 to 6
lent itself to ANOVA on the assumption of interval scale measurement. It should be
aoted, however, that the transformation of the data from a “no” or “ves” judgement to a
rotal 06 peints (1 to 6) was not included in the appendices of the report. Verification of
the ANOV A analysis was not possible. Tables 13-27 (page 151-186) present the
individual subject data (Phase 11) as confidence ratings -1 to -3 and +1 to +3 for the
heptanic control as well as the 35, 50, 75, and [00 ppb glutaraldehyde. The subjects’
responses 1o the blank (air) at two different trials were not included in the report.

PHASE H RESULTS:

Study Report Results:
ANOV A results provided in the study report indicated level (i.e., concentration) of
exposure had stronger effects on the nose than the eye and the eye more than on the
throat. though significance was achieved for effects on all three parameters (Table 10). In
general. cach site exhibited its own pattern: however, no site demonstrated a dose-
response relationship. Significance {or the interaction of level by duration, as seen by
rated contidence, was achieved for the nose only, This result suggested that contidence
did not increase faster for the various dose levels of glutaraldehyde as compared to the
blank 11 the eye and the throat.
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TABLE 10. ANOVA results of effect of level and time by exposure site®

Pavumeter Site ANOVA F-test Resnit Level of Significance

_ Eve F[4,196] = 6.5¢ p<0.0001

avel Nose  Fl4.196]=12.52 p<0.0001

Throat [4,196] = 3.68 p<0.007

Eve | 15,735~ 27.9 p<0.0001

Luration Nose Fi15.735] = 13.00 p<0.0001

Throat F{15,735] = 25.32 p<0.0001

‘ Eve FI60,2940] = |18 Not Significant
fnte B i:lf—:t:;? bevel Nose F|60,2940] = 2.29 P<0.01
Throat F{60.2540] - 1.12 Not Significant

"Resuits waken from pp. 29 of the study repor.

While the rated confidence for the nose did increase faster at the ditferent levels of
glutaraidehvde as compared to the blank, there was no indication at any site of the
average rating of confidence transitioning trom “no™ to “yes” or of the aggregate number
of a “ves” response exceeding 50%. This suggested that subjects possessed little certainty
regarding the presence o7 feel from the exposure.

An aggregate of the ratings by site was conducted by using the highest rating during
glutarsidehvde exposure and the corresponding rating during blank exposure for each
point iz ttme and subject. For example. if 4 subject rated the nose higher than the throat
and ey, the rating for the nose would go into the aggregate. 1f two or more ratings were
tied for the highest, an average of the corresponding blanks was taken to include in the
aggregate tally, The results in Table 11 from the functions for the aggregates indicated
that at most a minor dose-response relationship may have been observed for exposures up
to 75 ppb. Additionally, the ratings for glutaraldehyde consistently exceeded that for the
respectve blank comparisons (could not be verified by the Agency).

TABLE 11. ANOVA results for the ratings of glutaraldehyde exposure compared to the
blank’

Glutaraidehyde ANOVA F-test Result Leved of Significance
Concentration

35 ppt F|1,49] 47 7 p=0.100]

30 ppt: F[1.49] = 59.02 p=0.0001

SSppk FI1.49] = 54.63 p=0.0001

100 ppt F[1.49] ~ 42.61 p<0.0001

*Resulis wken from p. 30 of the study report.

However, the analysis for the interaction of time by exposure (Table 12) suggests that
significance was only achieved at 50 und 75 ppb. Conscquently, the results demonstrated
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no dose-dependent tendency for judgments during glutaraldehyde exposures to indicate
temporal integration.

TABLE 12. ANOVA results for the interaction of time by exposure”
g::::er:tlf:‘ﬁ?s:e ANOVA F-rest Resalt Level of Significance
35 ppb F[15,735] = 1.64 Not Significant

50 ppb F[15.735] = 2.41 p<0.001

75 ppbwmw F115.735) - 3.71 p=0.0001

100 pph F[15,735) = 1.57 Not Significant

*Results taken from p. 31 of the studv report.
AD Independent Analysis:

Binary detection indicarors (yes/no) were combined by participant across dose
levels {see Appendix A). Similar to the Phase I analysis, AD determined the level at
which cach participant inttially and consistently deteeted glutaraldehyde. In Phase I1, a
signiticani proportion of participants could not detect glutaraldehyde at any
concentraiion. For example, using eye irritation as a marker of detection of the chemical.,
43 of the 50 (86%) participants could not detect the chemical (Table 13). Two subjects,
howevor, detected eye trritation initiaily at 35 ppb and consistently to 100 ppb. For nasal
irritation, 23 of 50 (66%) could not detect at any concentration while 5 subjects detected
mitially and consistently (Table [4). For throat irritation, 42 of 50 (84%) failed to detect
over the range of concentrations while 4 subjects did so initially at 35 ppb and
consistentiv to 100 ppb (Table 13). Only I subject responded initially at the lowest
concentration and consistently to the highest concenrration for all three sites, eve, nose,
and throat

[ Table _:_i:i;{%lutaraldehyde Eye Confidence (Phase TD) | )
Concentration (ppb) ;i):::?sj;;::l;n(;:t‘:glfg Total , Percent Detect Avtjusted

] 3 2 7 29
N il l 7 | 14
0 7 0
] 1) 4 7 57

Tola; 7 “ - 100 G

=106 (net detect) 73 50 86 0

| T'able 14: Clutaraldehyde Nasal Confidence (Phase 11)

. # subjects initially & 0 .
‘onc : . . ] Detect Adjuste
Concentration (pph) consistently detecting Fotal Percent Detec djusted
17 9
i : 7 12
4 17 24
L - — LA
b o ‘_. H B . / 35 |
ol 7 (00 0 B
=100 ot detect) 33 B 0 66 0O j
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¢ Table 15: Glutaraldehyde Throat Confidence (Phase IT)
; C()Efajfttra[ﬂon {pph) fofi\;:?te({;:l;ﬂ:lg?:?tl:z Total Percent Detect Adjusted
T R 4 5 50
o ] 8 13
i 0 8 0
KD Kl § 37
_Total & — 100 0
=100 {rol detect) 4z 500 84 0

In summary, female subjects generally failed to positively detect glutaraldehyde either in
the eyes, nose, or throat over the concentrations and daration (15 minutes) investigated.
As a group, there was no concentraticn-response relationship for the eyes, nose, or throat.
Examination of the confidence scores suggests that the nose may be more sensitive than
the eyes which may be more sensitive than the throat, which is consistent with findings in
Phase |, A concentration that 5G% ot the subjects could detect (eye, nose, or throat) was
not identiiied. A LOAEL was not established in this phase. The NOAEL for
perception of irritation after 13 minutes is > 100 ppb.

arn. SUMMARY OF THE 2 PHASES:

TABLE 16. Summary table of glutaraldehyde odor detection and eye, nose, and throat irritation in
| healthy subjects
. Exposure Exposure
Phase | Conc::ntration Dul;ation Results
Phase L. od.s 0032, 0077, 0,150, 7 =5 seconds s Odor median = 0.15 ppb
detection (.310, 0.620, 1.240, o 239 subjects detected at 0.039 ppb (10 of 43)
2.480, and 4.950 pph s 2 pon-detecting subjects
Phase I: ocular | 229,343, 514, and 75 secnds » Median 343 ppb
detection 772 ppb e 39% subjects detected at 229 ppb (16 of 41);
* 1 non-detecting subject
Phase I: Nagal 229,343,514, and =5 seconds + Median 229 ppb
Chemesthesis 772 pph o 77.5%at 220 ppb (31 of 40
s (} subjects failed to detect
Phase 11 35,50, 75, anc 100 13 minutes «  R6% (43 of 50) failed to detect eye irritation
ppb «  66% (33 of 30) failed to detect nasal irritation
+  849% (42 of 50) failed to detect throat irritation
Phase IT] Not conducted

IV,  DISCUSSION:

A SUBJECT SELECTION DISCUSSION

Phase | and Phase 1T only used females. While justification for the use of only females
was provided in the study report, testing both sexes would have been useful in
deterriamg that no sex differences are found in glutaraldehyde odor and chemesthesis
detection
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B. PHASE 1 DISCUSSION

Phase | of the study provided descriptive data on the odor, eye, and nasal detection
threshoeld. {n addition, this phase provides odor, eye, and nasal detection medians based
etther on a group level or on a more refined level (l.e., consistently and continuously
detecting). Variability is evident in the subject’s ability to detect glutaraldehvde over the
range © 1 concentrations. Detection weas based on a subjective confidence scores with no
severily scores or physiological parameters to further inform the response to
glutaraldehvde. Another uncertainty from this phase of the study is the possible
variabtlity of a subjects’ response on different testing days. The data are adequate in
deterniimng the threshold ot detection.

C. PHASE II DISCUSSION

Phase [ involved a more realistic exposure scenario than Phase 1 for informing an acute
exposure scenario. Severity or pungency of the feel of glutaraldebyde exposure,
howevcr, was not included 1n this phase of the study. Although a bigh confidence of {eel
to gluteraldehyde may indicate a leve' ot severity, this comparison can not be made in
this phase

The design of the study did follow a fow to high concentration exposure scenario. All
statistics performed by the Chemosensory Perception Laboratory were based on a group
level. However, the response to glutaraldehvde is important both on a group and
individual scale. Analysis on an individual level provides the number of subjects able to
deteet ¢lutaraldehyde with confidence compared to those subjects not detecting at any
concentration. Since all testing was to be completed in one day, a parameter or question
to address any effects that may still be residual from the previous exposure period would
have been helpful. Confidence scores of the first few minutes of each testing pertod,
however, reveal low confidence scores of feel. These low confidence scores at the
beginning ot each testing period suggest that no residual effects were present trom the
previous perod.

D. OVERALIL DISCUSSION

The lack of a Phase 111 and clinical measures of irritation decreases the utility of this
study. Cidor detection and feel detection could protect against irritation, but without
physiological evidence of precursors 1o irritation, this study only describes sensation and
odor thyeshelds. Furthermore, subjective measures of seventy or pungency were not
measurcd. However, a dose-response in detection was not observed in Phase L. indicating
that saturation of the olfactory nerve could be achieved at a low concentration for
glutaraldehyde. Lateralization thresholds were not able to be determined because the
subjects were unable to localize glutaraldehyde in their nostrils, indicating that at the
conceniraions tested irritation was not achieved. This study is a range-finding study to
determine exposure scenarios for an trritation study of glutaraldehvde on human subjects.
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Appendix A

Statistical Analysis of Phase 1 and Phase 11 of the Glutaraldehyde Human Irritation
Stady. 2006. Nikki Maples Reynolds and Ami Parekh, ICF International

Human Eye lrritation and Odor Threshold Stady

The Chermosensory Perception Laboratory of the University of California, San Diego
performed a non-guideline, special study to determine the sensitivity of participants to
glutaraldehyde through both direct and indirect exposure. Phase [ established the
sensittvity of participants to the chemical through exposure applied directly to the organ
of interest, 1.e., eye or nose, using specifically designed exposure equipment (3 cones).
Phase Il ascertained the sensitivity of test participants to glutaraldehyde through indirect
exposure in a full-body chamber. In Phase . researchers were to investigate irritation of
the evu. nose, and throat through ambient exposure to giotaraldehyde. Phase 11 of the
study was not conducted. The Phase Il dosing scenario is the exposure scenario that best
approxumates that which will be encountered by workers and bystanders and 1s the
exposure scenario that is of most interest to OPP. A statistical analysis of the submitted
raw dala was performed to determine the distribution of glutaraldehyde detection levels
through eye irritation and odor sensation in Phase [ and Phase IT of the “odor and
chemesthesis form exposures {o glutaraldehyde vapor.” Our methods were difterent than
the Chemosensory Percention Laboratory of the University of California, San Diego, in
that for Phase 1, the statistics AD employed took into account the number of chojces and
correcting tor guessing correctly. Therefore, our results differ from that of the
Chemosensory Perception Laboratory of the University of California, San Diego.

Phase i

In Phase {, participants experienced brief (+5 second) contact with glutaraldehvde
through direct ocular and nasal exposure using specially made exposure devices. Each of
the participants was asked to judze whether the chemical was present in approximately
30 (27-307 trials for each of 8 dose levels (0.039, 0.077, 0.150, 0.310, 0.620, 1.240,
2.480, i 4.950 ppb). Each trial consisted of three *cones’ or exposure devices. one ot
which contained glutaraldehyde. In each triai, participants recorded which exposure
device contained glutaraldehyde based upon sensation or irritation to the nose (odor
detection) and eye, respectively. Therc were 43 participants who completed the odor
detection portion and 41 participants who completed the eye feel portion of Phase [
Nasal feel was determined in 40 subjects. Thesc data provide the hasis for the
distribution describing glutaraldehyde detection in the saumple.

To pertorm (his task, the investigators recorded the number of positive detections (a
participani’s judgment that the chemical 1s present in the exposure device) as a proportion
of the 1otal number of trials and ‘corrected’ this proportion to reflect the proportion of
positive detections required to consider an individual participant to have positively
detected the chemical beyond chance at cach dose level. An individual participant may
correctly determine the presence of the chemical in the exposure device in some of the
trials v chance or pure guess. By “correcting for participants” chance occurrence of a
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positive detection of the chemical, a distnibution of detection levels which reflects the
true dose fevels at which participants are able to detect the chemical through eve or nasal
feel or odor detection was created. It should be noted, however, that this analysis did not
address the possible influence of a participant’s variability in detection over ditferent
days of participation. For example, some subjects performed all trials in one day whereas
other subjccts performed the total trals over a 4 day period.

AD uttlized a scoring method similar to that used in some multiple choice exams to
remove the effect of chance or guessing while recording of total number of positive
detect:ons. The following algorithim 15 used o determine the score for cach study
participar!

Score ~ tetal # positive detections - 0 5 {lotal # trials - total # posirive detections)

Gtven an individual participant’s score, that participant s classified as either a “true
detector” ar a ‘non-detecror” (1 ar 0. respectively) tor each of the four dose levels using
the criterion:

Detect=1 1f Score>0.33(# correct detects)
Deteet=0 1f Score#0.33(# conrect detects)

In Phase L participants were alsc asked to provide a confidence score at each trial.
Participanis rated their assurance on a scale of 1-5 reflecting how confident they were
that the glutaraldehyde was or was not in the exposure device. This information was not
incorporated or otherwise considered 1 this analysis, nor was it presented in the study
report o1 apart of the Chemoscnsory Perception Laboratory of the University of
Cahformia San Diego statistical analysis.

The next step is to determine the dose level at which each participant in the study mmitially
and continuously detected the chemical. To do this, a rule was placed on the data:
participants were not allowed to be scored as ‘true detectors’ at one dose level and ‘non-
detectons™ at a higher dose level. There is no biological reason to assume some
participants would be able to detect glutaraldehyde at a low dose level but not be able to
detect ¢lutaraldehyde at a higher dose Ievel. Theretore, some alterations were made to the

data se (o reflect the amended eriterion:

Derect=1 1f Score>0.33(# correct detects)
Dctect=0 1f Score#0.33(# correct datocts)

Non-Maonotonic

The amended criterion ensures each participant was a monotonically increasing or
constart glutaraldehyde non-detector or detector across the increasing dose levels of
Phage | (ndor detection: 0,039, 0.077, D150, 0.310, 0.620, 1.240, 2.480, or 4.950 ppb;
ocular and nasal feel: 229, 343, 514, or 772 ppb). The tables below enumerate the total
numbe: ot partictpants who inttially and continuously detected the chemical at cach of

[ )
b
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the eight dose levels in both the odor detection (Table A1), eye irritation (Table A2, and
nasal irntation parts (Table A3) of Phase 1.

TABLE Al: Glutaraldehyde odor detection (Phase T)
I}ose Level Initially & Consistently Total Percent [ Runniag
(pph) Detecring Subjects Subjects Detect Total .%
Detecting
0.039 1] 43 23 23
0.077 7 43 16 39
0.15 6 43 14 53
0.31 2 43 5 58
0.62 Y 43 21 79
1.24 2 43 5 #4
248 3 43 7 a1
4.95 z 3 3 96
Non-detecting z 43 5 100
r ~ Toral 43 43 100
l ABLE A2: Glutaraldehyde eve detection (Phasc I}
Brose Level Initiallv & Consistently Total Percent | Running
{(ppb) Detecting Subjects Participants Detect Fotal %
Detecting
229 14 41 39 39
343 13 41 32 71
514 A 41 12 g3
772 £ 41 13 98
Nim-detecting b 41 2 100
T'otal 41 41 100

L]
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TABLE A3: Glutaraldehyde nasal detection (Phase I)
Dose Level Initially & Consistently Total Percent | Running
{ppb) Detecting Subjects Participants Detect Total %
Detecting
229 &3 40 775 77
] 343 3 40 7.5 85
514 4 40 10 95
772 z 40 5 100
Non-detecting ( 10 0 -
Total 40) 40 100 -
Phase il

In Phase B of the study, participants entered a whole-body (ambient) exposure chamber
and were cxposed to glutaraldehyde over a 15-minute exposure interval. The four dose
levels investigated in this phase of the glutaraldehyde human study were 35, 50, 75 or,
100 ppb. For cach dose level, participants assessed whether glutaraldehyde was present in
the chamber using a 6-point scale. However, this 6-point scale was not reported n the
Tables +f the study report. Alternatively, the data were reported as a “no” response 1f -
I, -2, or =37 and “yes” response il "], 1 2. or +37 reflected both the participants’
judgment as to whether or not the chemical was present i the chamber as well as a level
of contidence in the judgment. Participants assessed whether the chemical was present in
the chamber based on the level of irmtation to the eye, nose, and throat at 30 seconds, 1-
minute and cach minute thereafter thar participants remared in the whole-body chamber.
For exumnple, if an individual rates the presence ot the glutaraldehyde in the chamber at
minuic ¥ with a score of 2, thar participant believes the chemical is present duc to
irritation symptoms to eye, nose, or threat with a moderate level of confidence at minute
O of the 15 minute exposure period.

ALy classified each participant as to whether or not the participant could detect the
chemical curing each of the cxposure periods. In this analysis, AD defined a ‘true
detector” as a participant who detected the chemical in the exposure chamber with an
iritation confidence level of 2 or 3 in any 2 or more exposure minutes during the 15
minute exposure period. Theretfore, partic:pants whe gave confidence scores of -1, -2, -3,
or +1 throughout the time period 1n the chamber were considered non-detectors and
participants who gave confidence scores of 2 or 3 at least two time points in the exposure
interval wore considered detectors. The heptane control responses were not included in
this anaivsis and the blank (air) responses were not provided and therefore alse not
included i1 the analysis.

B3inary detection indicators (yes/no) were combined by participant across dose
levels. sinular to the Phase 1 analysis, AD determined the level at which each participant
initiall: and consistently detected glutaraléchyde. 1n Phase 11, a significant proportion of
participani = could not detect glutaraldehyde ot any concentration. For example, using eye
irritaticn as a marker of detection of the chemical. 43 of the 50 participants could not

-~
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detect the chemical. Furthermore, 33 and 42 participants among 50 could not detect the
chemical by nasal or throat irritation symptoms, respectively, Only 1 subject responded
initialtv at the lowest concentration and consistently to the highest concentration for all
three sites, eye, nose, and throat.

Table A4: Glutaraldehyde Eye Confidence (Phase IT)

Concentration # su!)Jec:t? mltlally-& Total | Percent Detect | Adjusted
_pph) consistently detecting .
e 2 7 29

S0 i 7 14
s 6 7 0
100 4 7 57
_Total 7 - 100 0
100 (not detect) 3 50 86 0
Table A5: Glutaraldehyde INasal Confidence (Phase 1)
(i‘ongentration # su!:)jects initially-& Total | Percent Detect | Adjusted
{(ppb) consistently detecting
R 5 17 29
o 2 17 12
s 4 17 24
100 6 17 35
~ Total 7 100 0
| =100 fnot detect) 33 50 66 0
Table A6: Glutaraldehyde Throat Confidence (Phase IT)
Com‘entration # supjects initially.& Total | Percent Detect | Adjusted
. ipph) consistently detecting
35 4 8 50
A0 ] 8 13
s 0 8 0
R 3 8 37
o ; i, 100 G
| >100 (nos detect) 42 50 R4 0

o

1
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